Objective -To evaluate the effects of diet and medication, either isolated or associated, on serum levels of uric acid in patients with hyperuricemia.
Hyperuricemia is a metabolic disorder marked by an excess of uric acid in the blood, which is the product of a disorder in purine etabolism. Urates, deposited in tophi in joints, and tissues produce a state called gout (inflammatory arthritis or tophaceous gout). This term "gout" should not be used when referring to isolated hyperuricemia. For a reason yet unknown, some individuals have difficulty in eliminating uric acid, the final product of purine metabolism 1, 2 . Although it is not an independent risk factor for the development of ischemic heart disease and general mortality, uric acid levels have proved to be important markers for other risk factors of cardiovascular diseases, such as hypertension, obesity, dyslipidemia, hyperinsulinemia and a "sedentary" lifestyle. Hyperuricemia is, therefore, frequently found in the same clinical conditions that are associated with insulin resistance [3] [4] [5] [6] . The most common causes of hyperuricemia are diet, alcohol consumption, and physical activity excesses, and obesity is a strongly associated factor. Hyperuricemic therapy consists of recommendations for a diet low in purines, hydration, alkalinization of urine, and the use of drugs that increase excretion or decrease uric acid production 7 . During clinical follow-up of these patients, little emphasis has been given to nonpharmacologic control of hyperuricemia, compared with other risk factors for cardiovascular diseases.
The present study was aimed at evaluating the reduction of uric acid levels in hypertensive patients with hyperuricemia without the acute gout syndrome, through dietary treatment, drug treatment, and the combination of both therapies.
Methods
Sixty patients, males and females, who had enrolled in the Liga de Hipertensão Arterial da Universidade Federal de Goiás (LHA/UFG) (Arterial Hypertension Division of the Federal University of Goias) were included. The patients had high levels of serum uric acid. Reference values were 1.5 to 7mg/dL, for men and 2.5 to 6mg/dL for women. To be in-cluded in this study values had to be >8.5mg/dL for men and >7.5mg/dL for women.
Criteria for exclusion included hepatic, renal, or thyroid illness, pregnancy, stroke, or myocardial infarction in the last six months, hypertension, or uncontrolled diabetes, as well as patients using drugs of the following types: allopurinol, corticoids, appetite suppressants, hypoglycemic (gliclazide) drugs, xanthine oxidoreductase and hormone inhibitors, use of which would influence uricemia.
The protocol for this study was approved by the ethics committee of the University Hospital of the Federal University of Goias, and all patients were informed about and agreed to the terms of the study.
The study was of the clinical essay type, in which patients were randomly distributed into three groups: G1 -patients were prescribed a diet for hyperuricemia; G2 -patients were prescribed a diet for hyperuricemia + allopurinol; and G3 -patients were prescribed only allopurinol.
The experiment lasted for 36 weeks, and the follow-up was divided into 4 periods (M1, M2, M3, and M4). The first evaluation (M1) was carried out at the beginning of the study, the 2 nd (M2) after six weeks, the 3 rd (M3) after 12 weeks, and the 4 th (M4) after a period of another 24 weeks without any kind of intervention, including no use of medication. At each stage, apart from the orientation for the use of either diet or medication or both, evaluation of anthropometric measurements (weight, height, body mass index), dietary consumption, biochemical examination (uric acid, total cholesterol, triglyceride, and glycemia at fasting), and blood pressure were also carried out (Fig. 1) .
At each appointment, the patients answered a semiquantitative questionnaire about the frequency of food consumption n which intake of high caloric macronutrients (carbohydrates, proteins, and lipids) was calculated, and the frequency of consumption of dietary sources of purine and oxalic acid was observed. The questionnaire also included questions regarding consumption of ethanol (alcohol), physical activity, and smoking.
The basic objective of the dietary regimen to control hyperuricemia was to reduce the usual intake of food sources of purine, oxalic acid, and fat, as well as to encourage an increase in the ingestion of liquids. Nutritional orientation was aimed at promoting a gradual alteration in dietary habits, and was, therefore, customized according to the dietary and socioeconomic history of the patients.
The recommended diet was moderate in protein (0.8g/ kg/day), high in carbohydrates, low in fat (up to 30% of the total caloric value), and it restricted the consumption of food with a high purine content (100 to 1000mg of purine by 100g of food) such as consommé, meat extract, viscera, fish (such as herring, mackerel, and sardines), mussels, anchovies, alcoholic beverages, yeast, food in which yeast and eggs were used, and partridge 8 . If the hyperuricemic patient already followed a diet with the previously mentioned characteristics, a decrease in the consumption of foods with moderate purine content (9 to 100mg of purine per 100g of food) such as meats of all types, seafood, and vegetables was recommended, as well as a decrease in the consumption of food high in oxalates, such as dark green vegetables, cauliflower, beet/chard, beetroot, eggplant, okra, sweet potatoes, chestnuts, coconuts, wheat germ, tomatoes, asparagus, mushrooms, strawberries, whole wheat cereals, quince marmalade, and chocolate 8 . Reduction of fat in the diet followed the recommendation of the National Cholesterol Education Program Phase I diet (NIH, 1993) 9 . The recommended ingestion of liquids was 2.5 to 3.5 liters/day 8 . Patients in G2 and G3 received an initial prescription of 150mg/day of allopurinol, taken in a daily dose during lunch, and when the levels of uric acid remained high in week + 6, the dosage was increased to 300mg/day.
Height and weight were measured according to the technique recommended by Gordon et al 10 , and body mass index was calculated as weight in kilograms, divided by the square of the height in meters. Individuals with body mass index of 25 to 29.99kg/m 2 were considered overweight, and those with body mass index of over 30kg/m 2 were considered obese 11 . Biochemical examinations (uric acid, total cholesterol, triglyceride, and glycemia at fasting) were made at the clinical analysis laboratory of the University Hospital/Federal University of Goias, with the patient on a 12-hour fast. Biochemical dosages were automatized, according to the enzymatic method.
Blood pressure was measured in calm surroundings with the patient following, at least, a five-minute rest. Measurements were taken on the right arm, using a mercury-column sphygmomanometer according to the procedures recommended during the III Brazilian Congress of Hypertension, and the interpretation of the values obtained were also made in accordance with those established in the consensus 12 . The variables studied were expressed in terms of average ± standard deviation. The statistical analysis of variance was carried out using the General Linear Models (GLM) 13 so that the outline would be totally randomized, with the treatments displayed in subdivided portions in time, in that, the portions were the groups, and the smaller portions were intervention G2 -group 2 (diet+ allopurinol) G3 -group 3 (allopurinol) M 1, M 2, M 3 e M 4 -moments of study MA-medical appointment; NA-nurse appointment; NutA-nutritional appointment * times of anthropometric biochemical, food consumption, and arterial blood pressure evaluation; ** groups 2 and 3 received allopurinol pills (150 to 300 mg/day). further reduction in uric acid in relation to the levels observed in week 12 (M3), maintaining significantly lower concentrations than those observed at the beginning of study M1 (p<0.001).
No significant alterations were observed during the study regarding body mass index and the other biochemical variables (Table III) .
Patients had hyperuricemia associated with other risk factors for cardiovascular diseases. Besides hypertension, 60% had dyslipidemia, and 36.4% were obese. Although patients with a previous diagnosis of diabetes were have excluded from the present analyses, 21.82% had glycemia greater than 110mg/dL.
With regards to food consumption, it was observed, through the 24-hour record sheet and the semiquantitative frequency questionnaire of food applied during nutritional evaluation, that the patients from groups 1 and 2 reduced their usual ingestion of food with high purine content (especially consumption of viscera, red meat, and sardines), and oxalic acid (chocolate, pineapple, black tea, tomatoes, and dark green vegetables). Caloric intake remained unchanged during the study, as well as the ingestion of fat, which was near the 30% recommended during the experiment. Protein consumption had a tendency to decrease in groups 1 and 2; this decrease was significant in G1 (Table IV) .
Discussion
Hyperuricemia may result from increased production of uric acid, or decreased renal excretion. The excretion of uric acid in healthy individuals is approximately 7%, indicating that only a small quantity escapes from tubular reabsorption. In the study of Galvan et al.
14 , this rate declined by the periods. The differences found were considered significant at a level of 5%. The analyses were carried out in groups as a whole, and the eventual differences between them were corrected with relation to the variables.
Results
We selected 60 patients; 55 completed the study, 31 (56.3%) women and 24 (43.6%) men. G2 had a greater percentage of men (n=13, 72.2%). The average age of the groups was 54.4±10.6 years (30-75years), 51.0±13.28 years, 54±8.70 years, and 59±6.41 years for G1, G2, and G3, respectively. Five patients were excluded from the beginning, four for missing the first scheduled appointment (G1) and one for not accepting the use of medication (G2).
Regarding lifestyles, the practice of physical activity was more prevalent in G3 (n=12, 66.7%); however, the intensity of practice was not evaluated; the consumption of ethanol was lower in G3 (n=1.56%) and similar in G1 and G2. G1 was the group where smoking was more prevalent (n=3, 15.8%) ( Table I) .
Therapy with antihypertensive drugs was present in 100% of the cohort, and thiazide diuretics were the most used drugs (Table I) . No significant difference was reported among the groups regarding the type and dosage of medication used during the experiment.
Behavioral variables (physical activity and smoking) and the use of medication did not change during the 12 weeks of the study. However, the number of patients who consumed ethanol frequently decreased from five to three patients in G1, from four to one patient in G2, and to one in G3.
A significant decrease in systolic blood pressure occurred only in G1 (p=0.03) between M1 and M3, but diastolic blood pressure was similar among the groups (p=0.37) throughout the study.
Serum uric acid level was significantly reduced (p <0.001) in the three groups, without any statistical difference between them (Table II) . It is important to emphasize that as of the 6 th week (M2) of intervention, this reduction was already significant. Six months after the end of the intervention period (M4), a tendency toward elevation of uric acid in patients from groups 2 and 3 was observed; however, the concentration of uric acid was significantly lower (p<0.05) than the initial one. G1 patients showed a tendency toward approximately 26% in the presence of hyperinsulinemia and in the absence of alterations in the glomerular filtration rate (estimated by creatinine clearance), indicating that insulin inhibits secretion or increases reabsorption of uric acid in the tubular level 15 . The association of essential arterial hypertension and resistance to insulin is well known, as is the fact that hypertensive individuals develop hyperuricemia more often than normotensive individuals. Previous studies show that hyperinsulinemia leads to increased renal sodium reabsorption, and this increase is strongly associated with an increase in renal reabsorption of uric acid. Insulin resistance could therefore represent a connection between elevation of arterial pressure and hyperuricemia as well as the relation of this with other metabolic alterations in the state of insulin resistance, such as diabetes, obesity, and dyslipidemia [16] [17] [18] . In the present study, the presence of associated risk factors for cardiovascular diseases occurred homogeneously among the three groups. This condition has been frequently observed in several studies, as hyperuricemia is considered one of the variables involved in the insulin resistance syndrome 6, 14, 15 . This finding is of great value. Because no agreement has been reached regarding the fact that uric acid is an independent risk factor for cardiovascular disease, evidence exists that shows its association with plurimetabolic syndrome [3] [4] [5] [6] . Obesity is another factor that can explain some variation in uricemia as it raises the uric acid levels regardless of insulin levels and fat distribution. Weight reduction in our study would be desirable because it improves insulin sensitivity, reduces arterial pressure, and the concentration of uric acid; however, it was not achieved. We should highlight, however, that obese patients with hyperuricemia should lose weight gradually to avoid an acute gout crisis due to intense ketonemia 6, 8, 19 . Apart from controlling the intake of foods rich in purine, decreasing the consumption of alcoholic beverages should be part of antihyperuricemic therapy, because alcohol consumption is significantly related to the increase in serum uric acid levels. A possible reason for this association is competition between the metabolites of alcohol and uric acid for renal excretion. Alcohol induces an increase in uric acid production by the activation of adenine nucleotide turnover, and, as it is associated with an increase in abdominal adiposity, contributes to hyperinsulinemia 6 . Although patients have been randomly distributed, G2 had a greater number of men than the other groups, probably due to the size of the sample. This fact may explain why basal uric acid concentration was greater in G2, which concurs with a study that reported that mean uric acid was 0.5mg/dL higher in men than in women 15 . We verified, also, that the final results in G3 were similar to those in the remaining groups, in spite of lower alcohol consumption and greater physical activity (which would lead to a better response to treatment).
Metabolic alterations (resistance to insulin, hyperuricemia, and dyslipidemia) brought on by the use of thiazides occurred only in some patients and were very mild. Diuretics may increase the serum uric acid level, but seldom induce 12, 20 . In this study, the use of thiazides, which were taken by 60%-80% of patients in the three groups, did not interfere with the evolution of serum acid levels, probably due to the low dosages prescribed.
The association of hyperuricemia with other risk factors (obesity, dyslipidemia, arterial hypertension, hyperinsulinemia, and diabetes) raises the need for a global treatment envisaging not only the reduction of uricemia, but also the control of other associated factors.
That is the major difficulty for successful treatment because to control metabolic alterations several dietary restrictions are necessary. This demands an individualized diet, and gradual changes, respecting preferences and socioeconomic conditions of the patients. To achieve this goal, both health education measures and a multidisciplinary team are of utmost importance.
Our results clearly show that nutritional care, that is, a reduction in the intake of food sources of purines, fat, and uric acid, and an increase in the intake of liquids have been just as efficient in decreasing serum uric acid levels as the use of allopurinol either isolated or associated with this diet.
It is important to emphasize that six months after the end of the intervention period (Table II) , patients who received only dietary orientation (G1) were the ones who tended to have better results, and a further reduction in uric acid was observed only in this group at that time (although the difference did not reach statistical significance).
These findings reinforce the fact that when we introduce the initial pharmacological treatment in a way we take away a part of the patients' responsibility to change their lifestyles.
We can see in the last analysis that the results were similar with the three therapeutical strategies and we can, therefore, recommend any one of the alternatives as the initial approach to a patient with hyperuricemia.
When we use the cost x benefit relationship, taking into account the cost of medication and the importance of delegating a greater responsibility to the patient for changes in his or her lifestyle to reach the expected results, we emphasize the fact that the treatments that are not pharmacological should be the initial option in the treatment of hyperuricemia, making use of careful measures of health education so that a more healthy lifestyle is adopted.
